Background
==========

In recent years, more and more people suffered from dog bite, along with the increasing amount of domesticated dogs. According to the data from the Centers for Disease Control and Prevention (CDC) of Beijing, there was over 100,000 people were attacked by dogs in 2007 in Beijing, which exceeded over 180,000 in 2011. About 10% of dog bite cases were facial wounds. As a special type of wound, dog bite wound had its characters, such as high infection rate and serious complications. The local infection, sometimes even intracranial infection, of the facial dog bite wound was inevitable and unmanageable generally. Although some pertinent literature have been published about dog bite facial wound, prospective studies was rarely concerned. At present, controversial focus existed about facial dog bite laceration management: One is whether it's appropriate to perform immediate primary closure; another is whether it is essential to give prophylactic antibiotic. In order to get a definite answer about these topics, we carried out this prospective trial study.

Patients and methods
====================

Patients of all ages and gender attending Rabies Prophylaxis and Immunity Clinic of Beijing with facial dog bite were enrolled in the prospective, randomized trial. The facial lacerated wounds requiring surgical treatment (more than 2cm) were entered into the trial. Punture wounds (less than 2mm), small laceration (less than 2cm), infected wounds at presentation or visited doctor's office after injured more than 8h, wounds with skin loss requiring plastic surgery, or patients with immune deficiency, using immunosuppressive agent, autoimmune disorder and diabetes were excluded. All the patients were randomized by block randomization and distributed to control group A and trail group B by block random digits table. The therapeutic schedules were explained to the patients in each group, and the consent form was signed. The patients who refused the therapeutic strategy were excluded from the trial.

All the facial lacerations underwent thorough debridement as below.

Cleaning and disinfection
-------------------------

In order to release the pain of patients, local anesthetic was administrated before wounds cleaning. After covering with sterilized dressing to the wounds, aseptic carbasus was used to scrub the area around the wounds 2-3 times with 20% liquid soap and water. Subsequently, the wounds were alternating douched with 20% liquid soap and physiological saline, and then 3% hydrogen peroxide and physiological saline. The total cleaning time was not less than 15 minutes each wound. A great quantity of 0.05% iso-osmia iodophors (1 portion 0.5% iodophors stock solution + 9 portion physiological saline) was used to disinfect the wounds, not less than 5 minutes. Caution, during the whole cleaning and disinfection procedure, the interior part of the wounds was more important than the surface of the wounds.

Debridement
-----------

All the inactivated tissues, coagulated blood, foreign material and serious contaminated tissues were carefully removed to expose surrounding healthy tissue. It was essential to remain their integrity as far as possible, so as to be repaired afterwards. The last procedure of debridement was douched the inside part of laceration with 0.05% iodophors again, the sterile gloves, aseptic covers and surgical instruments was prepared for tissue repair. At this time, passive immunity, if necessary, should be given (Rabies Immunoglobulin or Rabies Antiserm). Regarding the importance of impaired facial organ or tissue, it was essential to remain their integrity which could be repaired afterwards.

Important tissue repair
-----------------------

All the important impaired or missing facial organ or tissues (such as eyelid, eyeball, nasolacrimal canal, parotid, nose, ear etc) were repaired with a suitable operation after the lacerations reached clinical healing.

Wound closure
-------------

After thorough cleaning and debridement, the laceration was left open in group A; while those in group B was closed immediately. The 5/0 or 6/0 stylolite was used.

All the patients were administrated rabies prophylactic active immunity and/or passive immunity according to *Rabies Exposure Prophylactic and Handle Working Standard* (*2009 edition*)*.* Tetanus antitoxin (TAT) was given, if necessary. Drainage was carried out as the actual condition of laceration. Drain was placed innermost of the wound and replaced or pulled out according to the drainage quantity, usually 24h-48h after operation. All the wounds were covered with sterilized dressing and changed dressings 24h-48h after operation. The stitches in group B was removed 5d-7d after operation according to the wound healing condition. Antibiotic was used only after the wounds infection taking place.

Oberservation index
===================

Infection rate
--------------

The criterion of infection should met one of three major criterias: fever( body temperature ≥ 38°C), abscess, and lymphangitis; or four of five minor criterias: wound-associated erythema that extended more than 3cm from the edge of the wound, tenderness at the wound site, swelling at the site, purulent drainage, and white-cell count in the peripheral blood 12,000 /ml.

Infection time
--------------

The interval from being bitten to emerging infection indication (calculated the time in hours).

Recovery time
-------------

The interval from being bitten to the wounds arriving clinical healing (calculated the time in days).

Statistical analysis
====================

Statistical analysis was carried out with SPSS 13.0 to compare the two groups. The Chi square test and t-test was applied. Statistical significance was set at α=0.05.

Results
=======

Between January 2006 and December 2011, 600 patients entered in this study: 272 male and 328 female. The age range was 1-64 years with 53% of the patients less than 10 years old. The average length of the wounds was 3.15±0.27cm, and the average wound amount was 3.6±1.8. Some patients were lost or serious damaged their organs by dog bite: 5 cases lost eyeballs, 7 thoroughly lost their ears, 12 lost a part of ears, 15 lost a part of noses, 21 parotid glands were damaged, 13 nasolacrimal canals were torn and 33 eyelids were lacerated. (A facial dog bite case seen in graph [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"})

![Little girl bitten by a dog. Her left nasolacrimal canal and eyelids were torn, and her right parotid gland and nose were also injured.](1471-227X-13-S1-S2-1){#F1}

![14d after bite. We carried out immediate primary closure and restored the eyelids and parotid gland immediately. The stitches were removed on the 5d, and then reconditioned the nasolacrimal canal.](1471-227X-13-S1-S2-2){#F2}

After randomization, 129 male(43.0%) and 171 female(57.0%) entered control group(average age: 27.27±10.07 years old); 143 male(47.3%) and 157 female(52.3%) entered trial group(average age: 25.79±12.38 years old).

None of the enrolled patients fell rabies and intracranial infection. The wound infection rate of the two groups (A and B) was 8.3% and 6.3% respectively (P\>0.05). The infection time of the two groups was 26.3±11.6h and 24.9±13.8h respectively(P\>0.05). The recovery time in infection patients of the two groups was 9.12±1.30d and 6.57±0.49 d respectively (P\<0.05), and in taintless patients of the two groups was 14.24±2.63 d and 10.65±1.69 d respectively (P\<0.05). (Table [1](#T1){ref-type="table"})

###### 

The results of two groups after surgery

  Group                  Infection rate   Infection   Recover time(d)   
  ---------------------- ---------------- ----------- ----------------- --------------
  **Control group(A)**   8.3%(25/300)     26.3±11.6   9.12±1.30         14.24±2.63
                                                                        
  **Trail group(B)**     6.3%(19/300)     24.9±13.8   6.57±0.49\*       10.65±1.69\*

\* compared with control group, P\<0.05

Discussion
==========

Dog bite wound is a special surgical wound. High infection rate (range from 18% to 25%), serious complications, and almost 100% fatality rate of rabies was reported \[[@B1],[@B2]\]. During seven years from the beginning of R*abies Prophylaxis and Immunity Clinic* established, more than 50,000 dog bite patients had visited the clinic, among which the facial dog bite patients occupied 13.4%. The facial bite wounds could not only induce severe complications, such as fatal intracranial infection, fistula of parotid gland, ectropion, and nasolacrimal canal injury, but also resulted in facial cicatrix which affected facial cosmetology. As far as contaminated with the oral flora of the culprit concerned, the bite wounds infection prevention should also be concerned seriously, except for rabies and tetanus prophylaxis. Furthermore, in the management of non-complicated bite wounds, primary closure and prophylactic antibiotics application in initially uninfected wounds were still controversial issues \[[@B3]-[@B6]\].

Whether immediate primary closure increased infection rate
==========================================================

Our findings suggested that immediate primary closure had no statistical discrepancy compared with the dog bite facial wounds left open in infection rate and infection time. In other words, immediate primary closure the facial dog bite lacerations neither increase the wounds infection rate nor accelerate wounds infection.

However, there was a very important issue should be emphasized, that is primary closure must be enforced after thorough cleaning, disinfection and debridement. Our previous study had indicated that using 0.05% iodophors instead of 2.5%-3.5% iodine tincture and 75% alcohol to sterilize the inside of the dog bite wounds could decrease the infection rate to 10% approximately without prophylactic antibiotics (facial wound is about 7.5%) \[[@B7]\]. Although, in the past 7 years over 50,000 dog bite patients visited to our clinic, some of which bitten by certified rabies dogs, none of the patients had acquired rabies. Our study had suggested that thorough wounds debridement, normal passive immunity and active immunity were the most valid intervention to prevent rabies \[[@B7]-[@B9]\]. Therefore, we believed that thorough debridement without delay was not only one of the key points in preventing rabies but also in decreasing wound infection rate. And we enforced immediate primary closure to dog bite facial laceration.

The effect of primary closure to facial laceration healing
==========================================================

It was obvious in our study that immediate primary closure had great promotion in facial laceration healing. The healing time of taintless patients in trial group and control group was 6.57d and 9.12d respectively (P\<0.05), while of in infected patients was 10.65d and 14.24d (P\<0.05) respectively. It is well known that debridement is designed to make contaminated wound into clean wound, so that it can be sutured immediately and reach primary healing. Because if the wound is left open, it would get secondary healing (scar healing), and the wound would experience inflammation-hyperplasia of granulation tissue formation-scar formation in the process. The healing time will be extended, and the function would not recovery completely due to scar hyperplasia or contracture \[[@B3]-[@B6]\]. This was confirmed by our findings. Furthermore, in our clinical work we found that secondary healing was more poor than primary healing on scar size and appearance looking. Especially involved the eyes, nose, ears and mouth, the scar of the lacerations could induce serious deformity or complications (such as ectropion and trichiasis). Even in those patients with scar diathesis, the scar would more obvious and outstanding which could bring great physical and psychological harm to them. So, we recommend primary closure to suitable facial dog bite laceration after thorough debridement in order to reach primary healing.

Antibiotics use
===============

Whether prophylactic antibiotics using routinely is a controversial issue on faial dog bite laceration \[[@B1],[@B2]\]. Our study suggested that without using antibiotics to prevent infection, the infection rate of facial dog bite laceration was about 8.3%. We believe that it was not necessarily to use antibiotics preventively. The infection rate of our study had large different with some documents. And we considered the surgery debridement method was the main factor in anti-infection.

It had reported that infection type of the dog bite wounds included aerobic and anaerobic infection. Canis pasteurella species is the most common stain, Streptococcus, Staphylococci, Moraella and Neisseria is the most common aerobic, and Fusobacterium, Bacteroides and Porohyromonas is the most common anaerobic. Furthermore, most species isolated from infected bite wounds are β-lactamase producers \[[@B1],[@B2],[@B11],[@B12]\]. Considering the type of bacterias and sensitive antibiotics, the author recommend a combination of β-lactam antibiotic and aβ-lactamase inhibitor, a second-generation cephalosporin or clindamycin and a fluorquinolone, in antibiotics administration.

Important facial organ restoration
==================================

Facial dog bite not only could induce serious soft tissue injuries but also can induce important organ, and tissue loss, such as eyeballs, eyelids, nasolarimal canal, parotid, ears, nose and lips, and resulted in serious complications and consequences (physiological and psychological trauma). Although the time of the injuried organ restoration was disputed, the author considered that the serious laceration and relavant blood vessel, nerve injury had negative influence in the time of organ restoration. And it was very important to check and protect those injured organs in the primary treatment to avoid secondary injuries.

Limitations
===========

It took us 6 years and a lot of effort to accomplish the prospective randomized controlled trial study. Although we have finally achieved the anticipated results, there were still some limitations in this study. Owning to the financial and laboratory conditions, we had not carried out the bacterial culture and the medicine sensitive experiments of the infected wounds. So we had to use antibiotics empirically based on previous literature reports.

Conclusion
==========

Our study showed that facial laceration of dog bite wounds should be immediately primarily closed after formal and thorough debridement. The cleaning, disinfection and debridement to the wounds was very important for bacterial and rabies virus infection prevention. There is no potentiality of increasing infection incidence and infection speed, compared immediate primary closure with the wounds left open. On the contrary, primary closure the wounds can promote its primary healing. Prophylactic antibiotics administration was not recommended and the important facial organ or tissue injuries should be secondary reconditioned.
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